Located on the Pamir Plateau in Xinjiang Province, China, the Ji'erzankale Necropolis dates back to 2500 yr BP. Many materials that have been unearthed in this cemetery, including shoo konghou (musical instrument), bronze mirrors and glass beads, suggest cultural transference between East and West. Furthermore, small-sized and rounded fire altars made from sweet-scented Sabina were found for the first time and regarded as implements for fire veneration. We identified 70 wooden objects from 25 tombs within the Necropolis, and found that each object had been made from one of seven tree species. Analysis revealed that the inhabitants of the region mainly used the most widely available types of wood, namely Betula and Populus. People also specifically chose inflammable Populus wood to make hearth boards and hand drills (both are used for making fire by drilling), rigid Betula wood to craft wooden plates. Salix was used for fashioning wooden sticks, while sweet-scented Sabina was the preferred choice for making fire altars. Lonicera was selected for arrow shaft manufacture and Fraxinus syriaca, which has a beautiful grain, was chosen for making musical instruments. Conscious selection of different types of wood indicates that people of the Pamir Plateau were aware of the properties of various types of timbers, and were able to exploit these properties to the full. In turn, this demonstrates their wisdom and their ability to survive in, and adapt to, their local environment.
Introduction
The Pamir Plateau is situated in an arid region of central Asia. Since the late Stone Age, this area has been a cultural crossroad [1, 2] . Around 3500 yr BP, the Pamir was influenced by the Andronovo culture which was then widespread in Siberia and central Asia. After that, a series of exotic religions, including Zoroastrianism, Buddhism, Nestorianism and Islam, spread to this region [3, 4] . Furthermore, opening of the southern route of the Silk Road led to more frequent and varied cultural exchanges. Merchants, tourists, monks, and ambassadors from various civilizations all introduced to the Pamir their own cultures, which later spread to, interacted with and integrated into central China to the east, Mesopotamia to the west, the Indus Valley to the south and Semiryechye to the north [5] . Therefore, this region is an ideal place for research into cultural transmission.
According to stone inscriptions from Naqsh-e Rustam in Persia, the majority of the Pamir population 2000 years ago belonged to the Saka [6] , a nomadic people who left little in the way of a permanent cultural layer due to their itinerant lifestyle. Their tombs therefore provide vital clues regarding their social life, culture, religion and environmental adaptability [6] . However, knowledge of these questions remains sketchy and reliant on secondary historical documents because of the paucity of relevant archaeological sites [6, 7] . The Ji'erzankale Necropolis in Tashkurgan County is located in the interior of the Pamir Plateau, and many objects have been unearthed from this site. Among these remains, wooden objects provided direct evidence of palaeovegetation and resource exploitation.
In addition, fire altars with rounded shape were unearthed for the first time [3] . Black combustion marks were clear in the inwall and inside of it, 15 stones with black burning traces on the surface were placed [3] . This burning feature showed that they were on fire when buried near the dead and thus provided important clues bearing on early forms of burial custom and belief [3] . Abundant bamboo combs, glass beads, and tin and bronze mirrors shed light on the intercultural exchanges that were characteristic of this region.
Early peoples were invariably dependent for their survival on the local environment, and especially on the use of timber. Evidence of timber use is often well-preserved in archaeological sites [8] [9] [10] . Under conditions of incomplete burning, and/or in dry or waterlogged environments in which microorganic activity is weak, wood can keep its anatomical structure [11, 12] . Integrated identification and study of wood and charcoal found in archaeological sites started at the end of the last century. As a primary plant record, preserved wood provides important clues that are helpful in reconstructing palaeovegetation and revealing how local residents used wood and interacted with their local environment [13] [14] [15] .
In this paper, we studied a total of 70 wood samples unearthed from the Ji'erzankale Necropolis, identifying them taxonomically and analyzing their properties in order to reveal the burial customs and patterns of plant utilization of the people lived in Pamir Plateau 2500 yr BP. We also attempted to shed light on the cultural communications between East and West at that time.
Materials and Methods
In 2013 and 2014, Ji'erzankale Necropolis was unearthed by the Xinjiang Archaeological Team of the Chinese Academy of Social Sciences directed by Prof. Wu (the second author of this paper). This project was authorized by the State Administration of Cultural Heritage with archaeological excavation license number 349 (2014). In regard to sampling method, we took a small piece of sample from each woodware for identifying, avoiding damaging to these objects. Subsequently, boiling test was used for some rigid samples for softening purpose, with permission of the Xinjiang Archaeological Team of the Chinese Academy of Social Sciences.
The Ji'erzankale Necropolis is located in Qushiman Village, Tashkurgan Tajik Autonomous County, Xinjiang (75°12'11", 37°50'54") (Fig 1) . This region lies in the southwestern part of Xinjiang, east Pamir Plateau, north of the Karakoram, and west of the Tarim Basin. The mean annual temperature is 3.6°C, mean annual precipitation is <70mm, and mean annual evaporation can reach 2300mm. It is thus a cold, dry, high-radiation climate [16] .
The cemetery was divided into districts A, B and C, containing 50 tombs numbered M1-M50 in total (7 in District A, 34 in District B and 9 in District C). A large area of black and white stones arranged in long strip shape was laid on the surface (Fig 2) . All tombs were pit graves and built on bedrock or gravel layer in flood plain. On the basis of human bone study, both primary and secondary burial existed [3] . Apart from graves with human corpse, some tombs like M4 were only buried with hawk cranium [3] . Abundant pottery items, stone tools, copper objects, ironware, wooden items, bone objects, glass beads, and a variety of other artefacts were found during this process [3] . AMS 14 C Beta Analytic dating of two wood samples, representing an arrow shaft from M14 and a fire altar from M15, yielded respective dates of 2750-2710 yr BP and 2540-2355 yr BP showed in Table 1 . The dates show that the Ji'erzankale Necropolis is about 2500 years old. For this paper, we studied a total of 70 selected wooden objects from 25 tombs within the Necropolis, including 11 fire altars (Fig 3A and 3B ), 8 arrow shafts (Fig 3C) , 4 hand drills ( Fig  3D and 3E ), 3 hearth boards (Fig 3D and 3F) , 3 wooden sticks, 30 wooden plates (Fig 3G), 6 woodwares, 2 pieces of shoo konghou (Fig 3H) , 1 harp, 1 crutch and 1 wooden bowl (full details in S1 Table) . About a volume of 4 cm 3 samples were taken from each wood object for identification. Because some samples were highly rigid, hydrothermal softening was used in the laboratory tests [17] . First, we put them into beakers full of boiled water, and applied heat continuously for 24 hours. Second, we cut a transverse section through the softened wood, after drying, and examined the section through a microscope in order to arrive at a preliminary identification for the sample. Third, three sections (transverse, radial and tangential) were handmade and then metal-sprayed to allow clear images to be captured using a scanning electron microscope (ZEISS MA EVO25). Fourth, we identified the species of wood, based on the arrangement, shape and size of the pipes or tracheids, the presence or absence of resin canal in the transverse section, the height and width of woodray on the surface of the tangential section, the arrangement of the pits in the walls of the pipes or tracheids, and the pattern of ray parenchyma cells and cross-field pitting in the joint ray and tracheid cell walls in the radial section. Identifications were made using standard reference works [18] [19] [20] [21] .
Results
The 70 objects considered in this study were categorized with respect to both object type and the taxonomic identity showed in Table 2 . All taxonomic identifications are based on anatomical features visible in the transverse, radial and tangential sections. Four samples, representing two wooden plates from tombs M22 and M24, one wooden bowl from M33, and one fire altar from M35, could not be identified because of deformation of the wood-ray parenchyma exposed in the transverse section.
Sabina sp.
In transverse section, pores in early wood are rounded, quadrate and polygonal, whereas pores in late wood are oblong and polygonal. The transition from early wood to late wood is gradual. Populus sp.
Growth rings are moderately distinct, and the transition from early wood to late wood is gradual. Vessels are rounded or oval in transverse section and mostly occur in radial multiples of 2-5, with a either clustered or solitary. Perforations are simple in slight-oblique end walls. Inter-vessel pits are rounded or oval, and included. Axial parenchyma is rare. Most of the rays are uniseriate, and the majority of them are 10-18 cells in height. Spiral thickening is absent (Fig 4C and 4D ).
Betula sp.
Growth rings are distinct and the wood is diffuse porous. Pores are mostly solitary, but a few occur in radial multiples or clusters. Vessels are rounded or oval in transverse section. Perforations are scalar form and oblique. Inter-vessel pits are oval. Radial parenchyma is rare or terminal. Wood rays are uniseriate with a height of 3-10 cells, or multiseriate with a width of 2-3 cells and a height of about 20 cells. Heterocellular and homocellular rays coexist (Fig 4E and  4F ).
Salix sp.
Growth rings are moderately distinct and the wood is diffused porous. Pores are mostly solitary, but a few occur in radial multiples or clusters. Vessels are oval or elliptical in transverse section. Perforations are simple in slight-oblique to oblique end walls, and inter-vessel pits are alternate and mainly polygonal. Axial parenchyma is rare. Rays are heterocellular and uniseriate, with a height of about 10 cells. Spiral thickening is absent (Fig 4G and 4H ).
Lonicera sp.
Growth rings are distinct. Vessels in transverse sections are diffuse and pores are mostly solitary, with a few in radial multiples of 2-3. Perforations are mostly simple in very oblique end walls. Inter-vessel pits are alternate to opposite, and are rounded, polygonal or oblong. Rays are 1-3(4) seriate, with a height of about 10-20 cells. Spiral thickening appears on the wall of vessels (Fig 4I and 4J ).
Elaegnus angustifocia
Growth rings are distinct. Early wood vessels are solitary, in tangential to radial multiples of 2-4, or in small clusters, and are rounded in transverse section. Late wood vessels, by contrast, are rounded to angular. Perforations are simple in oblique to transverse end walls. Rays are homocellular, and composed of procumbent cells. Uniseriate rays are usually 2-10 cells high, and multiseriate rays are 2-5 cells wide and up to 35(58) cells high. Crystal is not observed (Fig 4K) .
Fraxinus syriaca
Growth rings are distinct. Vessels are usually solitary, in radial multiples of 2-3(4) or rarely in small clusters. The vessels are rounded in cross-section. Perforations are simple in horizontal to oblique end walls. Parenchyma is vasicentric in the early wood, but aliform and confluent in the end of growth ring. Rays are homocellular, 1-4 cells wide, and usually 3-10 cells high. Crystal is not observed (Fig 4L) . Looking at our 70 wooden remains, we found that a total of seven species (28 Betula sp., 15 Populus sp., 8 Salix sp., 8 Lonicera sp., 4 Sabina sp., 2 Fraxinus syriaca, and 1 Elaegnus angustifocia) were selected and utilized by the early residents of the Pamir Plateau. The timber from different trees was worked in different ways and for a range of purposes, including the production of fire altars for fire veneration, wooden plates for holding produce, and wood sticks and arrow shafts for protection. Among the selected trees, Betula and Populus were widely used, wood from one of these taxa having been used to manufacture 61% of the objects. Sabina, Fraxinus syriaca, and Elaegnus angustifocia were used less often, and account for a total of 10% of the objects. Salix and Lonicera, were each used to produce 11% of the objects (Fig 5) . For individual tombs, we analyzed the tombs M14, M23 and M25 as these three tombs yielded the most wooden objects. Eleven objects made from four species of wood (in this case Betula, Populus, Salix, and Lonicera) were found in M14, while six objects made from two species were found in M23 and six objects made from four species were found in M25. This analysis revealed that people used a wide range of available local resources, rather than just selecting one kind of timber. Vis-à-vis the different timbers used to manufacture objects of specific types, the fire altars investigated in the analysis were made from Betula, Populus, or Sabina, with one fire altar made from unidentified wood. Wooden plates were made from Betula, Populus or Salix, with two from unidentified wood, and hearth boards were crafted from Sabina or Populus. Hand drills were made from Populus or Salix. All eight arrow shafts were from Lonicera, whereas the three wooden sticks and one crutch were manufactured from Salix. The three musical instruments were made from Fraxinus syriaca or Populus. 
Discussion
The wooden remains unearthed in archaeological sites provide direct proof of the utilization of different timber types by ancient peoples. They also shed light upon tribal, cultural, religious and human activity, and provide evidence of ancient humans' adaptation to, and influence on, the local environment [22, 23] . In addition, wooden remains play a vital role in the reconstruction of fire [14, 15, 24] , vegetation [8, 9, 25] and palaeoclimate histories [13, 26] .
Obviously, fire use is inseparable from a dependence on local timber. The criteria governing the selection by indigenous peoples of particular wood types have long been debated, and can be summarized thus: 1) function, e.g. pine was widely used for funerary pyre in three prehistoric necropolises from Poland, possible in part because pine can release a turpentine perfume while burning [27] ; 2) availability, as more widely-distributed species will clearly be selected and used more often than less readily available ones according to the Principle of Least Effort [28, 29] ; and 3) symbolism, e.g. mango and sandalwood are regarded as sacred by the Aryans in India because of their sacred association and often used on special occasions such as cremation and sacrifice [30] , and in fact are still used by Buddhists in Bangladesh when building cremation pyres [31] .
Alpine desert vegetation dominated by Ceratoides compacta and Artemisia rhodantha is found in the dry, high-altitude Tashkurgan area [32] . Alpine cushion-like vegetation and alpine desert steppe are also present. In flood plains, Caprifoliaceae and Rosaceae shrubs are common, while Hippophaer hamnoides L., Salix dasyclados and Salix carmanica are the dominant species in river valleys. With the increase of altitude, fruticous desert dominated by ephedra, alpine desert consist of Seriphidium and alpine steppe composed of stipa are in belt shaped distribution. Above the alpine steppe, alpine swamp and meadow can be found in small area [33] . Natural forest in mountainous regions is composed principally of Sabina chinensis, Picea schrenkiana and Betula [33, 34] .
At the Ji'erzankale Necropolis, the timber came from taxa including Sabina sp., Populus sp., Betula sp., Salix sp., Lonicera sp., Elaeagnus angustifolia and Fraxinus syriaca, mainly the common woody plants in the Pamir region. Local residents appear to have chosen timber based upon its immediate availability in the harsh environment of this dry, high-altitude plateau, and to have adapted their needs to the particular characteristics of these local woods rather than ranging more widely in order to find other timber.
Properties such as density, intensity, rigidity, inflammability, and corrosion resistance usually represent significant criteria in wood selection. In general, the higher the density, the higher pyroconductivity, which means that denser wood, is more difficult to ignite (requiring a greater specific heat and longer ignition time) than lighter timber and vice versa [35] [36] [37] . Populus has a relatively low density, and is thus easy to ignite [18] . Salix is characterized by abundant and coriaceous straight-grained branches with high impact resistance and considerable elasticity. Being hard to crack after drying, it is suitable as a material for stick-shaped objects such as sports mallets and shoulder poles [18] . Sabina has a fine structure, oblique texture and low tensile strength, and releases a full-bodied turpentine perfume odour upon burning [18, 38] . Betula possesses a straight-grained, homogeneous structure, relatively high rigidity and intensity, a high density, and low inflammability [18] . Fraxinus syriaca has a beautiful grain and is easy to process. Lonicera is notable for its high rigidity and numerous, straight branches.
At the Ji'erzankale Necropolis, relatively inflammable Populus was frequently selected for hearth board and hand drill manufacture. The three wooden sticks from the M14 tomb are all Salix. This wood was most likely used for its abundance of tough branches, which do not usually deform after drying. Combined with its durability over time, this property makes Salix excellent for stick manufacture. Betula, Populus and Sabina were selected for the 11 fire altars. Betula may have been preferred for the manufacture of wooden objects since it was the commonest species in the Tashkurgan region. Populus can be ignited easily and so is an obvious choice for the manufacture of objects intended to be burned. As for Sabina used for making fire altar the smell released by this wood as it burns makes it useful during particular rites. In New Zealand and Melanesia, sandalwood, mango, wood-apple and juniper, which are all perfumed, were used to obscure the smell of burning corpses [39, 40] . Sabina may well have been chosen, therefore, for its tendency to produce a full-bodied turpentine smell.
Most (19) of the 30 wooden plates excavated at the site were made from Betula. The high rigidity and density of this wood, as well as its homogeneous texture, all make it suitable for the manufacture of objects for holding produce.
Ancient peoples knew that arrow shafts needed to be made from wood with a high rigidity. One famous example was brought to light by one German couple who found the Ötzi 'Iceman' (ca. 5300 yr BP) in Italy. For the shafts of his arrows, the iceman chose the wood of the common wayfaring tree (Viburnum lantana), whose rigidity makes it superior for that purpose to any other wood type indigenous to the region. Only one of his 14 arrows did he make use of a second-best material, namely the wood of the cornel tree (Cornus sp.) [41] . The eight arrow shafts found at the Ji'erzankale Necropolis were all of Lonicera, which has straight branches and high rigidity. The abundance of branches with an even diameter of 1-2 cm makes it particularly easy to produce arrow shafts by simply wiping off the rhytidome and soft bark. Lonicera is therefore an ideal material and was widely used throughout the Pamir for making arrow shafts.
The shoo konghou originated in Egypt (where it was called the harp) and West Asia (the Assyrians called it Cank). Painted wooden figurines playing harps were buried in Pharaoh's tomb, 3000 BC [42] . Six konghous were found in Zagunluk and Yanghai graveyard, Xinjiang, in 1996 and 2004 [43, 44] . The resonating chambers of these six instruments were all made from Populus euphratica. The two konghous recovered from the Ji'erzankale Necropolis were made from Populus and Fraxinus syriaca. One harp was from Fraxinus syriaca. Populus was probably selected for the purpose of making instruments because of its high availability, whereas the beautiful grain of Fraxinus syriaca made it highly suitable for musical instrument manufacture. The konghou was transmitted from West Asia to the Western Regions and then to Central China. Evidence from the Ji'erzankale Necropolis showed that this distinctive musical instrument had been transported as far as western China by 2500 years ago.
Among the seven types of timber found in the Ji'erzankale Necropolis, Sabina and Betula occur in forested mountain areas, while Populus, Salix, Elaeagnus angustifolia and Lonicera are common in river valleys. Therefore, we can infer that Sabina, Betula, Populus, Salix, Elaeagnus angustifolia, and Lonicera were mainly among the most common species of wood in the Tashkurgan area in 2500 yr BP. Fraxinus syriaca which can be seen in Afghanistan and Pakistan today and making some exotic objects like shoo konghou and harp, may grew in Pamir region at that time since it is difficult to distinguish whether these exotic musical instruments were acquired through commerce exchange. An analysis of the wooden objects found in 25 tombs shows that the people of the Pamir were able to utilize the natural resources at hand in a way which allowed them to adapt their customs and practices to a harsh, high-altitude environment. They took full advantage of the available species and made the objects they required by exploiting the characteristics of the timbers to which they had access. Inflammable Populus was selected for tools intended to be burned, and Betula with its high intensity and rigidity was used for the manufacture of wooden plates. Perfumed Sabina was preferred for fire altars, and high-rigidity Lonicera was the first choice for arrow shafts. Salix, with its high impact resistance and considerable elasticity, was used for making sticks and crutches. Fraxinus syriaca, which has a beautiful grain, was often chosen for crafting musical instruments.
Besides an integrated analysis of wood usage, some valuable information of burial custom was also revealed by fire altars. They were placed in this cemetery along with the dead as burial objects with 15 stones inside. The diameter of central burning hole is less than 15 cm (one object is only 7 cm), and all of them were made from inflammable timber rather than some fireproof materials like stone, crockery, or bronze (all were found in this cemetery). In addition, Sabina is rare in Tashkurgan region as only 4 Sabina objects were found in our total 70 samples and among the four Sabina, three were used for fire altar making, one for hearth board crafting. The small size and conscious selection of Sabina wood probably gave an implication that they were not used as ordinary practical brazier for warming purpose but some extraordinary appliances with symbolic meaning. In conclusion, fire played an important role in funerary and veneration of fire, presumably, was prevalent among the peoples lived in Pamir region 2500 years ago.
In the light of current archaeological evidence from central Asia, fire veneration was prevalent among the Scythians and Persians. They regarded fire as sacred and offered sacrifices to it [6, 45] . Veneration of fire was clearly also practiced by the Zoroastrian [46, 47] . For them, fire is sacred and regarded as a means to communicate with the divinity Ātar who lived among men as their servant and master [48] [49] [50] [51] . Therefore, fire was present at their religious ceremonies and sacrificial fire objects were buried with the dead [51] [52] [53] [54] . According to the integrated study of excavated 50 tombs, secondary burial of corpse after a transitory exposure in air and fire altar showing veneration of fire revealed that the influence of Zoroastrianism may have reached the Tashkurgan region where was regarded as an important culture crossroad between West and East.
Conclusion
The wood used to manufacture various objects found in the Ji'erzankale Necropolis came from seven plant taxa: Betula sp., Populus sp., Salix sp., Sabina sp., Lonicera sp., Fraxinus syriaca and Elaeagnus angustifolia. These represent the principal locally occurring trees and shrubs. On the one hand, people largely used the widely distributed Betula and Populus. On the other hand, they made more selective and specific use of Populus for hand drills and hearth boards, Betula for wooden plates, Sabina for fire altars, Lonicera for arrow shafts, Salix for wooden sticks and crutches, and Fraxinus syriaca for musical instruments. Conscious selection of given wood types for particular purposes indicated that the early residents of the Pamir Plateau made full use of the available timber and were adept at crafting objects out of wood in a manner that took into account the properties of specific types of timber. This highlights their sophistication and ability to adapt to the local environment. Fire veneration revealed by small-sized and rounded fire altars made from aromatic Sabina, as well as the secondary burial after a shorttime exposure implied Tashkurgan region which was characteristic of culture transmission between East and West, may have been influenced by Zoroastrianism 2500 years ago.
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